The frog retrolingual membrane was used as a model microcirculatory system for evaluating the role of neural control. Terminal arterioles were studied before and 2 to 21 days after topical application of 6-hydroxydopamine (6-HDA). When arterioles were visualized microscopically in vivo and stimulated directly with a microelectrode, 6-HDA reduced the normal, longitudinally conducted vasoconstriction to a local response. Current intensities needed for threshold responses averaged more than fourfold those of control thresholds. Nerveinduced vasoconstriction was abolished, whereas nerve-induced vasodilation persisted after 6-HDA. Ultrastructurally, 6-HDA produced extensive degeneration only in perivascular nerves containing large granular vesicles, although vasomotor nerves with clear vesicles, vascular smooth muscle, Schwann cells, endothelial cells, motor end plates, and striated muscle appeared normal after 6-HDA treatment. Autoradiography and fluorescence histochemistry revealed that the perivascular nerves were no longer capable of talcing up or binding exogenous catecholamine. The results indicate that topically applied 6-HDA produces selective dysfunction of adrenergic nerves correlated with fine structural degeneration. The absence of conducted vasoconstrictor responses in this preparation indicates their dependence on an intact adrenergic nerve supply.
• Directly visualized terminal arterioles and associated vasomotor nerves of the frog's retrolingual membrane have been studied as a model for innervation of the microvascular system (1, 2) . Combined morphological, physiological and pharmacological data point to a profuse adrenergic and cholinergic innervation of these arterioles that is responsible for conducted vasomotor responses. However, as with most such studies, it is difficult to be sure that the surgical sympathectomy was complete or that the acute drug treatment did not alter possible conduction between fibers of smooth muscle. 1 KindIy supplied by Merck, Sharpe and Dohme.. without 6-HDA. Whereas the normal Ringer's solution had a pH of 7.2 to 7.4, both the 6-HDA and control solutions had low pH values, from 6.2 to 6.6, a result of adding antioxidant. Neither the low pH nor the slight elevation in osmolarity (less than 2%) of these solutions relative to normal Ringer's solution is sufficient to significantly alter responses of retrolingual membrane arterioles to nerve stimulation (15) .
Between the fourth and twenty-first day after initial treatment, each frog was again immobilized and the same vasomotor nerves and arteriolar walls stimulated as before. After determination of vasomotor thresholds, some retrolingual membranes were treated topically with a solution of rf,/-7 :t H-norepinephrine or d,/-7 3 H-epinephrine (specific activity, 6-10 c/mM; New England Nuclear Corp.) 1 to 2.5 X 10~7M in Ringer's solution. After treatment for 15 to 20 minutes with this solution, each retrolingual membrane was thoroughly rinsed for 20 to 30 minutes with nonradioactive Ringer's solution.
Retrolingual membranes were then fixed for one hour in situ by topical application of 5% glutaraldehyde in Ringer's solution, and then in 1% osmium tetroxide (in phosphate buffer at pH 7.4) for another hour. This hardened the membrane sufficiently to allow excision of the individual arterioles without curling. The arterioles were then dehydrated through graded alcohols and propylene oxide, infiltrated with Maraglas, embedded in a flat container and sectioned longitudinally on a Porter Blum microtome. Glass knives were used for cutting thick (1 to 2/j.) sections, which were examined with a Zeiss phase contrast microscope.
Routine thin sections (500 to 800 A) were cut with a diamond knife, stained with lead citrate and uranyl acetate and directly observed in a Zeiss EM 9 A or a Phillips 200 electron microscope. However, those sections to be examined by autoradiography were first mounted on a glass microscope slide sandwiched between a thin film of celloidin and a film of carbon and Ilford L4 photographic emulsion. The slides were then incubated in darkness at 4°C from 1 (thick sections, 1 to 2/JL) to 6 or more weeks (thin sections, 800 to 1200 A), and the photographic film was then developed. Thick sections were observed directly on the slide by phase contrast light microscopy. Thin sections with accompanying films were floated off the slide into a water bath, subsequently drawn onto a grid and observed in the electron microscope (16) .
In addition to autoradiography, the fluorescence histochemical technique of Falck and colleagues (17, 18) was used for further estimation of catecholamine uptake. Control and 6-HDA-treated retrolingual membranes were top-ically treated in situ for 15 to 20 minutes with d,lnorepinephrine (d,Z-arterenol hydrochloride, Mann Research Laboratories), 2 X 10"°M in Ringer's solution, and then washed with Ringer's solution alone for 20 minutes. The whole retrolingual membrane was then excised from the frog's tongue, stretch-mounted on a microscope slide and air-dried for 10 to 12 minutes. The tissue was then subjected to formaldehyde vapors (80* humidity) at 80°C for 40 minutes to 1 hour. This incubation time is sufficient for maximum condensation of the exogenous norepinephrine (a primary amine) taken up, whereas the normally endogenous epinephrine (a secondary amine) requires 2 or more hours of condensation for appreciable fluorescence in the nerve terminals (2, 18, 19) . It is therefore believed that this procedure provides a histochemical index of norepinephrine uptake by nerve fibers of this preparation. Following formaldehyde condensation, the tissues were observed under dark field with a Zeiss Fluorescence microscope, using a BG-12 exciter filter and barrier filters with a transmission range of 470 to 500 ma. Photographic records were taken on Kodak Tri-X film.
Results
Normal or Control Art«rtolc» Electrophysiological Studies.-Most arterioles of the frog retrolingual membrane are associated with fine, clearly visible nerve bundles (2 to 10/A in diameter). When these nerves are stimulated by microelectrodes, generalized vasoconstriction or vasodilation or one response followed by the other is evoked in extensive lengths (300 to 600/A) of the arteriole, as previously described (2, 14) . Analysis of stimulus parameters for the vasomotor nerves indicates that single pulses of short duration (0.01 msec) and relatively
D FIGURE 1
Time-lapse micrographs showing influence of 6-HDA on vasoconstriction of a retrolingual membrane arteriole in response to direct supramaximal stimulation. A and B are before 6-HDA treatment. C and D are 5 days after topical 6-HDA treatment (2 x 0.5 mg/ml). A and C: Immediately before arteriole was stimulated directly by microelectrode (m) with a 0S5-mamp, 0.02-msec pulse. B and D: 30 seconds after stimulation. Note generalized, conducted and maximal constriction in B of arteriole before 6-HDA, compared to the local constriction seen in D only at the point of stimulation (arrow) after 6-HDA. Calibration bar in A indicates lOO/i for all panels. *A11 arterioles displayed conducted responses. fThree of six arterioles did not dilate before treatment. tNo conducted responses seen at maximum output of stimulating circuitry. §0nly local responses seen in two arterioles, three displayed conducted respoases and two would not respond at all and were excluded from the mean calculations. D Eight arterioles displayed only local responses and two show conducted responses. high intensity (0.14 to 0.65 matnp) favor threshold vasoconstrictor responses, while long duration (1 msec), low intensity (0.01 to 0.20 mamp) pulses favor threshold vasodilation. Hence, electrophysiological separation of the two neurogenic response types is achievable. However, one type of response might occasionally follow the other in a biphasic fashion.
Direct stimulation of retrolingual membrane arteriolar walls with short duration (0.01 to 0.03 msec) pulses also evokes a rapid and well-conducted vasoconstriction (Fig. 1 , A and B), although threshold currents required are generally less (0.055 to 0.38 mamp) than when the peripheral nerve bundles are stimulated directly ( Table 1 ). The rapidly conducted vasoconstriction resulting from direct mural stimulation is believed to be mediated by perivascular adrenergic nerves (2), since it is generally blocked by sympathectomy and antiadrenergic agents (20) . This view is consonant with the findings of McGregor (21) and Speden (22) for perfused visceral arteries.
Cytochemical Studies.-The fine structure of the innervation of a normal untreated arteriole in the frog tongue is shown in Figure  2 . At least two classes of nerve terminals are seen: those with predominantly small, electronlucent synaptic vesicles of 250 to 590 A diameter, and those containing a great num-ber of large (640 to 1320 A) granular vesicles. Often, the two vesicle types may be mixed in one terminal (Fig. 2) . Many of the large granules are bound by a vesicular membrane and resemble typical large granular vesicles seen in mammalian nerves. Even when plasma membranes and small clear vesicles were examined in ultrathin sections to reveal thenunit structure, the limiting membrane around some large granules could still not be resolved (Fig. 2) . In contrast to mammalian large granular vesicles, these granules are often oblong and their electron density within the same terminal seems to vary over a rather wide range with the fixation and staining procedures used (Fig. 2) . The relatively electron-lucent cytoplasm of axons and terminals of both types of nerve processes often contain striking accumulations of glycogen granules.
Localized binding of catecholamine is illustrated in the autoradiograph of Fig. 3 , in which a control retrolingual membrane arteriole is seen in phase contrast. The arteriole was previously noted to respond to vasomotor nerve stimulation with a rapidly conducted vasoconstriction. This capacity for nerve-induced vasoconstriction was not diminished by topical treatment for 3 hours on 2 successive days with Ringer's solution containing Na metabisulfite. Four days later tritiated norepinephrine was applied to the arteriole. The exposed silver grains (fine dots) illustrated in The disposition of silver grains seen in light microscopic autoradiography over nerve profiles is confirmed by electron microscopic autoradiography ( Fig. 4 ). Silver grains are identified as large irregular coils occurring singly or in multigrain clusters. Clusters are seen only over nerve terminations and not over other cell types (endothelial cells, skeletal, or smooth muscle, etc.) or over extracellular spaces ( Fig. 4 ). Moreover, 82$ of 350 randomly counted grains, both single and clustered, were seen over or within 1400 A 2 of value is estimated to be the limit of autoradiographic resolution under the general conditions used in this study (24) .
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nerve profiles containing large granules and thought to be adrenergic (23) . In contrast, nerve terminations containing exclusively small electron-lucent vesicles display activity only rarely (1%); possibly these nerves are cholinergic (1, 2) . Smooth-muscle cells exhibited only 31 of the grains while 14%, occurring as random single grains, were observed over all other cell types, collagen and extracellular spaces.
6-HydrexydopamiM-Traatad Art»rk>k«
Electrophysiology.-The effects of topical 6-HDA (0.5 mg/ml) on the current thresholds for arteriolar constriction are given in Table  1 . The values shown are averages taken from five or more arterioles for each period of observation. In contrast to control arterioles treated with Ringer's solution plus Na metabisulfite only, thresholds for both directly stimulated and nerve-stimulated arterioles i£v /
/ -k FIGURE 3
Those contrast autoradiograph of control retrolingual membrane arteriole (filled with erythrocytes) treated with tritiated d^-norepinephrine (see Methods for details). Microscope focused on accumulations of silver grains (arrows) over perivascular nerves, which indicate underlying radioactivity. Note sparse background activity. One week incubation time for exposure of the photographic emulsion, n = nerve; w = arteriolar wall. Calibration bar = lOp.
were progressively elevated by two applications of 6-HDA. Most striking was the abolition of well-conducted neurogenic vasoconstriction (extending over 100/A longitudinally) in all arterioles by the fifth day after initial treatment. This is reflected in the elevation of neurogenic thresholds beyond the limit of the stimulating circuitry (2.0 mamp, 150 v).
The effect of 6-HDA on directly stimulated arterioles is noteworthy. Figure 1 is a micrograph of the in-vivo preparation showing the response of the same arteriole stimulated before and 5 days after two applications of 6-HDA (24 hours apart). In all arterioles studied 4 or 5 days after 6-HDA administration the normally well-conducted vasoconstriction was always reduced to a local, slowly developing constriction of lOO^t or less (thought to result from direct electrical excitation of single smooth-muscle fibers). The sixfold higher thresholds of these local responses compared to normally conducted ones are shown in Table 1 . A similar result was obtained 21 days after 6-HDA treatment, when no nerve-induced constriction could be produced, and conducted vasoconstriction was seen in only two of ten directly stimulated arterioles. Direct thresholds at this point were still abnormally high (0.77 mamp).
In contrast to the blockade of neurogenic vasoconstriction, constrictor responses of arterioles to epinephrine and norepinephrine did not appear to be affected by 6-HDA. Although exact dose-response relationships after 6-HDA have yet to be determined, threshold concentrations for catecholamine-induced vasoconstriction are the same as or lower than pretreatment threshold concentrations (1 to 6X10~7M). Further support for the integrity of the vascular smooth muscle 4 days after 6-HDA administration is the maintenance of tonus ( Fig. 5 ) and spontaneous rhythmic vasomotion. s Indeed, the incidence of the 8 The high degree of tonus and rhythmic vasomotion seen 4 days after 6-HDA, in spite of adrenergic degeneration, is interpreted as possible "supersensitivity" to circulating vasoactive agents, to a predominance of local metabolic or myogenic factors, to persistent cholinergic nerves or some combination. latter phenomenon was greater at 4 to 7 days in 6-HDA treated arterioles than in the same arterioles before treatment. However, 24 hours CircuUtum Rtiurcb, Vol. XXVII, !*iy 1970 after the first 6-HDA treatment none of the arterioles displayed spontaneous vasomotion or any degree of observable tone, as empirical- ly judged by the increased arteriolar diameter and the reduced thickness of the muscle coat (25) . Although blood flow was good to moderate in all the arterioles at this period, roughly 36 of 51 major venules showed hemostasis. In contrast, control arterioles and venules had normal tone and flow a day after initial surgery and Na metabisulfite treatment. The preservation of neurogenic vasodilation after 6-HDA was of great interest. Figure 5 shows this response in the same arteriole before and 5 days after the 2-day 6-HDA dosage schedule. Although this arteriole would not constrict in a conducted fashion to nerve or direct mural stimulation after the drug, it was still capable of conducted neurogenic vasodilation, further substantiating the persistence of muscular tonus in these arterioles. Furthermore, neurogenic vasodila-tion was seen in several treated arterioles in which this response was not previously manifest, and in which it may indeed have been "masked" before treatment by activation of stronger or more numerous vasoconstrictor nerve fibers.
Cytochemistry.-The electron micrographs of Figures 6 and 7 illustrate the extensive degeneration in perivascular nerves of all 6-HDA-treated arterioles. The degeneration was usually characterized by intense darkening and granulation of axoplasm and of vesicular contents. This mode of degeneration often created large dense bodies which permitted visualization of the degeneration even in phase contrast microscopy. Less frequently, two other types of degeneration were observed: (1) apparently enlarged nerve profiles in which the axoplasm appeared relative-
Rtstnb, Vol. XXVII, Julj 1970 FIGURE 6
Effect of topical 6-HDA on fine structure of oasomotor nerve in retrolingual membrane, 5 
days after treatment; longitudinal section. Large arrows indicate darkened axoplasmic bodies due to 6-HDA treatment; small arrows show darkened contents of large granular vesicles.
Smooth muscle (sm), smooth muscle nucleus (n), and endothelium (e), of arteriolar wall appear normal. Calibration bar = ly.. ly devoid of organelles or other subcellular structures, and (2) nerve terminations without axoplasmic darkening but with large numbers of extremely dense granules of various sizes (300 to 1200 A).
Degeneration always occurred in nerve terminals containing large (700 to 1300 A) granules and thought to be adrenergic (23) . In contrast, nerve profiles with only small (250 to 600 A) electron-lucent vesicles, probably nonadrenergic, did not show degeneration ( Fig. 7) . Similarly, myelinated axons and cholinergic motor nerve endings with clear vesicles ending on the skeletal muscle in the retrolingual membrane showed no morphological abnormalities after 6-HDA treatment ( Fig. 8 ). Further verification of the specificity of 6-HDA action is found in the fact that the fine structure of Schwann cells, smooth muscle fibers (Fig. 6) , and endothelial cells (Fig. 6) are unaffected by the concentrations of 6-HDA used in this study.
In addition to the loss of conducted vasoconstrictor responses and observable nerve degeneration, a further indication of damage to adrenergic nerve function by 6-HDA was demonstrated by autoradiographic studies. Thus, vasomotor nerves of 6-HDAtreated arterioles at 4 and 21 days showed no uptake or binding of tritiated catecholamine, as revealed by the lack of accumulations of silver grains in autoradiographs. Individual silver grains were no more abundant around arterioles than they were in the nonvascular areas of the retrolingual membrane (Fig. 9) . The latter activity is thought simply to reflect background radiation. This is in striking contrast to the concentrated localization of silver grains over perivascular nerves of control arterioles (Fig. 3) . The fluorescence histochemical technique combined with norepinephrine application provides further evidence of disrupted adrenergic nerve function as late as 21 days after 6-HDA treatment. Of eight arterioles treated with 6-HDA plus norepinephrine, none Subsequent thin section of same 6-HDA-treated perivascular nerve shown in Figure 6 . Note that degenerating nerve profile with large granules (arrows) is side by side with an unaffected terminal containing only small electron-lucent vesicles (cv). Calibration bar = lfi.
showed clear-cut fluorescent periarteriolar nerves (Fig. 10, middle) of the type seen in all arterioles of 21-day control animals (Fig.  10, top) , in spite of identical and paired norepinephrine and histochemical treatment. Furthermore, in contrast to control retrolingual membranes, axons of the wide-meshed "primary" adrenergic plexus (i.e., those not directly related to arterioles, see ref. 26) were not seen in 6-HDA-treated membranes. However, the semblance of a single short nerve twig (Fig. 10, bottom) was found on one small portion of a 6-HDA-treated arteriole at 21 days. Nonetheless, this detail may well have been some artifact of non-nervous uptake due to the large concentration of exogenous norepinephrine used (skeletal muscle, Fig. 10, top) .
Discussion
It is evident that arterioles of the frog retrolingual membrane possess an abundant adreoergic nerve supply. Previous studies on the adrenergic neural mechanisms of this membrane with surgical sympathectomy, adrenergic blocking drugs and fluorescence histochemistry (1, 2) are corroborated and extended by the results reported here. In the electron microscope, the adrenergic nerve can be directly identified autoradiographically by the use of neural uptake and binding of radioactive sympathomimetics, and also by the obvious destruction of selected nerves with 6-HDA. Indeed, several other factors combine in the retrolingual membrane arteriole to make it a likely model for the study of adrenergic mechanisms. These are: (1) the potential for direct observation and measurement (by ocular micrometer and microphotography) of vasomotor responses; (2) the possession of small microscopically visible terminal vasomotor nerves which may be stimulated by microelectrodes without activation of central reflexes; (3) the potential for exteriorization of an ultrathin tissue, allowing the direct topical administration of small amounts of pharmacological substances without their alteration by visceral tissues such as the liver, without affecting autonomic ganglia, Circulation Rtsttrcb, Vol. XXVII, Jmly 1970
FIGURE 8
Electron micrograph of motor end-plate of retrolingual membrane skeletal muscle 5 days after 6-HDA treatment (2 X 0.5 mg/ml). Note abundant clear vesicles of nerve terminals (nt), which appear undamaged, as does the sarcoplasm (sa). Bar = In. and without expression of toxic effects on the animal; (4) the ease of chronically studying the same arteriole by several interdisciplinary approaches.
By taking advantage of these points in the present study, several facts have emerged. Firstly, the autoradiographs and fluorescence histochemistry show that sympathetic nerves of the frog, known to contain predominantly epinephrine (18, 27) , can take up and bind norepinephrine (like mammalian noradrenergic nerves) as well as the endogenous amine. Secondly, this uptake occurs predominantly in nerves containing dark-core granulated vesi-CircmUtum Rttitrcb, Vol. XXV11, Inly 1970 cles of the large (700 to 1300 A) variety, as shown by autoradiography ( Fig. 4) . Whether catecholamines are taken up into or stored in the large granules per se remains to be determined (23) .
Of further interest was the great electron opacity of the axoplasm and vesicular contents produced by 6-HDA in this study (Figs. 6 and 7) compared with the much lighter form of degeneration illustrated in other reports (7, 10, 28, 29) . The darker type of degeneration could be characteristic of the amphibian nerve containing predominantly epinephrine. However, it may also result from topical applica-
n FIGURE 9
Phase contrast autoradiograph of retrolingual membrane arteriole treated with tritiated d,lnorepinephrine and fixed 21 days after 6-HDA treatment. There is a typical lack of silver grain accumulations near arteriolar wall (w) or over apparent perivascular nerves (n). High background activity probably due to the long incubation time of the section (2.5 weeks), compared to the 1-week exposure of the section shown in Figure 3 . Calibration bar -10n. tion and potentially greater delivery of unmetabolized 6-HDA to reactive intraneuronal sites. This contrasts with the parenteral routes of drug delivery used by the other researchers. In a recent series of short communications, Devine (28), Laverty and Phelan (30) , and McGregor and Phelan (31) show that a single injection of 6-HDA (30 mg/kg) produces nerve degeneration and loss of vasomotor nerve function in blood vessels of the rat mesentery. However, in their studies catecholamine uptake ability did not seem to be impaired and the vasomotor nerve function was regained within 6 to 8 days after treatment. In contrast, our results indicate that the degeneration, loss of catecholamine uptake and loss of neurogenic vasoconstriction persisted for at least 21 days. The slight recovery of conducted responses in 2 of 10 directly stimulated arterioles at 21 days (Table 1 ) and the suggestion of a single faintly fluorescent nerve twig at the same time (Fig. 10, bottom ) may indicate onset of recovery of function in this period. The latter findings are more consistent with those of Thoenen and Tranzer (8) on nonvascular adrenergic nerves. The single intraperitoneal injection of a low dose of 6-HDA (30 mg/kg) may account for the early recovery of adrenergic vasomotor nerve function seen by Laverty and Phelan (30) and McGregor and Phelan (31) . A similar early recovery was noted by Thoenen and Tranzer when a single intravenous dose of 30 mg/kg was used in the rat; however, two doses of 34 mg/kg over 24 hours followed by two doses of 68 mg/kg a week later effectively checked this recovery for many weeks.
The present study also contributes to our understanding of the specificity of action of 6- 6 and 7) , none of the classical signs of injury were seen in Schwann cells, smooth muscle (Fig. 6 ), endothelial cells (Fig. 6 ), motor nerve endings (Fig. 8) , skeletal muscle (Fig.  8) or presumed cholinergic vasomotor nerve terminations with small, electron-lucent vesicles ( Fig. 7) .
Physiological studies also support the specificity of 6-HDA action. While 6-HDA blocked conducted, nerve-induced vasoconstriction in retrolingual membrane arterioles (Fig. 1) for at least 21 days, there was no apparent reduction of resting tonus (Fig. 5 ), neurogenic vasodilation (Fig. 5 ), local myogenic vasoconstriction ( Fig. 1) or spontaneous rhythmic vasomotion beyond the second day of treatment. Conversely, the persistence of neurogenic vasodilation and nondegenerated nerves with clear vesicles may be used as arguments for the presence of a cholinergic vasodilator innervation of these arterioles (cf. ref. 7). This supports the physiological and pharmacological studies of Fulton and Lutz (14) , Siggins (1), and Berman and Siggins (2) . Indeed, recent histochemical tests have revealed a profuse innervation of retrolingual membrane arterioles by nerves staining positively for specific acetylcholinesterase (Weitsen, Siggins and Bloom, unpublished results). The pharmacological investigations of Honig and Myers (32) have raised the possibility of a role for adrenergic nerves-which might release the vasodilator agent isoproterenol-in mediation of the active neurogenic sympathetic vasodilation observed in mammals. However, assuming that 6-HDA would produce lesions in isoproterenol-containing adrenergic nerves, our findings do not support such an adrenergic vasodilator mechanism in the frog retrolingual membrane. Employment of chronic 6-HDA treatment on mammalian skeletal muscle, any suggestion of a perivascular adrenergic nerve (arrow). Photographic exposure of two lower micrographs was 15 minutes; of top, 8 minutes. Calibration las indicate 10 n for all 3 panels. where this response is often seen, might clarify this problem.
Perhaps the major finding of this study, however, is the total and highly reproducible loss of conducted arteriolar vasoconstriction for up to 21 days after 6-HDA treatment (chemical sympathectomy). A similar loss of conducted responses is seen in retrolingual membrane arterioles surgically sympathectomized or treated with adrenergic blocking agents (1, 2, 20) . However, the loss of conducted responses is not always reproducible in sympathectomized preparations, possibly because of collateral sprouting of surviving intermediate ganglion cells (33) . Furthermore, it may be unsound to draw conclusions based on negative evidence derived from acute treatment with antiadrenergic agents, which may directly affect smooth muscle contraction or electrotonic conduction between adjacent smooth-muscle fibers. The morphological specificity of 6-HDA and the fact that one may study "chemically sympathectomized" arterioles days and weeks after the last 6-HDA treatment both speak for a selective action of 6-HDA on adrenergic nerves only. It thus follows that conducted vasoconstriction of terminal retrolingual membrane arterioles to direct stimulation requires the intermediation of adrenergic nerves. It is germane that nerve-free arterioles of the chick extraembryonic membrane never exhibit conducted responses to local stimulation (20) . The present data suggest that the electrotonic spread of excitation from muscle cell to muscle cell is of minor importance in these preparations, in contrast to some nonvascular (34) (35) (36) (37) (38) (39) and vascular (34, 40) smooth muscles. Further investigation is required to determine whether the small terminal arterioles of other tissues and species also rely upon adrenergic nerves for conducted responses, as in the classical "multi-unit" tissue (34) . Treatment of these vascular beds with 6-HDA and the use of autoradiography would be of great assistance in this regard, as well as permitting the direct ultrastructural localization of adrenergic nerves (41, 42) . Research using 6-HDA applied topically to thin mam-malian tissues is now under way to clarify some of these questions.
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